The marbled crayfish, Procambarus fallax f. virginialis, is an obligate parthenogenetic crayfish species, its spread in the wild being linked to the aquarium pet-trade. Forty-two adult individuals were found for the first time in Romania in the seminatural ponds in Băile Felix, near Oradea. Nine ovigerous females were captured as evidence that the population is breeding in the wild. They probably originated from the pet trade and were released by hobbyists into the pond. Microsatellite analysis revealed the same allelic patterns as in a previous study, confirming that these marbled crayfish are parthenogenetic and originate from a single individual. The crayfish plague pathogen Aphanomyces astaci was not present in the population. The site inhabited by this established marbled crayfish population is supplied with water by thermal underground streams, ensuring a constant high temperature. The nearby Peța Natural Reserve protects several endemic species that could be threatened by the further range extension of marbled crayfish. Special protection measures are therefore urgently needed.
Introduction
Biological invasions, especially ones triggered by humans, cause damage to the environment (Dorcas et al. 2012; Buckley 2017) , and to the economy of the "host" countries (Pimentel et al. 2005; Wittenberg et al. 2006) . While some species have been introduced for farming (Holdich 1993) or brought as pets (Chucholl and Wendler 2017) , the long-term consequences were underestimated in most cases (Lenteren 1997) . Such incidents include various crayfish species, such as Orconectes limosus (Rafinesque, 1817) , Pacifastacus leniusculus (Dana, 1852) and Procambarus clarkii (Girard, 1852) , which escaped from aquaculture facilities or were introduced into the wild, thus leading to their successful on-going invasion in Europe (Gherardi 2006) . All of these species possess impressive invasive prowess through higher growth rates than native species (Kozák et al. 2007 ), adaptive ability (Buřič et al. 2013) , high fecundity (Pârvulescu et al. 2015) , and food plasticity (Olsson et al. 2009 ). They are also resistant carriers of Aphanomyces astaci Schikora, 1906 (Strauss et al. 2012 Schrimpf et al. 2013) , an oomycete pathogen causing the crayfish plague (Jussila et al. 2014) . Its virulence to indigenous crayfish species outside of North America has led to A. astaci being classified among the world's 100 worst invasive alien species (Lowe et al. 2004) .
Marbled crayfish, also known as Marmorkrebs, are one of the most popular pet crayfish species in the world (Faulkes 2015; Patoka et al. 2017) . Their origin is unknown, as the first record of their presence comes from the German aquarium trade (Lukhaup 2001) . Martin et al. (2010) 
regarded this crayfish as
Procambarus fallax (Hagen, 1870) f. virginalis. Marbled crayfish is either a result of autopolyploidy or hybridization between P. fallax (Hagen, 1870) and other species of the genus Procambarus. Vogt et al. (2015) proposed elevation of marbled crayfish to the species level, P. virginalis.
Many individuals have reached wild environments through human negligence and have occasionally created stable populations (Lipták et al. 2016; Chucholl and Wendler 2017) , because one individual can theoretically start a new population via parthenogenesis (Scholtz et al. 2003; Martin et al. 2010 ). Furthermore, their high spawning rate may be a great advantage in establishing and maintaining wild populations (Chucholl et al. 2012) . Marbled crayfish can survive at low temperatures (Veselý et al. 2015; Kaldre et al. 2016) , as shown by studies on its establishment in continental Europe (e.g., Chucholl et al. 2012; Patoka et al. 2016) . They have been reported in many European countries: Croatia (Samardžić et al. 2014) , the Czech Republic (Patoka et al. 2016) , Germany (Chucholl et al. 2012) , Italy (Vojkovská et al. 2014) , Sweden (Bohman et al. 2013) , Hungary (Weiperth et al. 2015; Lőkkös et al. 2016) , Slovakia (Janský and Mutkovič 2010) , Ukraine (Novitsky and Son 2016) , and also in Madagascar (Jones et al. 2009 ) and Japan (Faulkes et al. 2012 ). This species is also a host to the crayfish plague pathogen, A. astaci (Keller et al. 2014) .
In Romania, there are three native species of crayfish: Astacus astacus (Linnaeus, 1758), A. leptodactylus Eschscholtz, 1823, and Austropotamobius torrentium (Schrank, 1803) . The alien crayfish O. limosus, was first documented in the Romanian Danube in 2008 (Pârvulescu et al. 2009 ) and successfully competes against A. leptodactylus populations in occupied habitats (Pârvulescu et al. 2015) . The recent growth of the pet trade in Eastern Europe, including Romania (Raghavan et al. 2013) , suggests this is the source of many alien species in the country. We investigated individual morphology of non-indigenous crayfish found in a semi-natural pond in Romanian territory; and conducted microsatellite analysis of the same population to compare the allele pattern to individuals from previous studies. We also tested the population for presence of A. astaci so that a plan to prevent impact on indigenous crayfish species could be instigated if necessary.
Methods

Field sampling
Sampling was conducted after finding that one or more of the five ponds in Băile Felix, near Oradea, România (Figure 1 ), could be populated by exotic crayfish. The investigated location is an urban area in Băile Felix-Sânmartin, Bihor County, Romania (Figure 1 ), containing five semi-natural ponds named "Waterlily lakes" ("Lacul cu nuferi", in Romanian). The central pond is located at 46º59′20.1″N; 21º58′43.3″E. The ponds are cement walled basins with 80-90 cm deep water and a surface varying between ~ 150-400 m 2 . The basins are supplied by subterranean warm water springs (39.5 °C on the date of investigation). Water temperature (24.6 °C) and conductivity (595 μS cm -1 ) were measured in sample site 3 (see the map in Figure 1 ) using a Hach-Lange multi-parameter (Düsseldorf, Germany). The lowest water temperature in this pond during winter was 15 °C (air temperature −16 °C), and small ice-sheets were observed only at the pond's margins (A. Togor, unpublished data). Two traps were used to catch crayfish five times over five consecutive weeks in April and May of 2017 resulting in five groups of captured individuals. For each capture effort, the traps were baited with fish, left overnight, and checked the following day. The captured crayfish were marked and released in the same pond after a general inspection, except for nine specimens which were preserved and transported in the laboratory for the measurement of the total length (TL), cephalothorax length (CL) and width (CW) to the nearest 0.01 mm using a Black & Decker digital calliper. Wet weight (WW) was recorded using a Kern analytical balance to the nearest 0.01 g. Tissue from these nine crayfish was collected by detaching the last walking leg of each individual and preserving it in 96% ethanol for molecular analyses. Samples for the detection of A. astaci consisted of soft abdominal cuticle, walking legs, telson and uropods (Vrålstad et al. 2009 ), and were stored in 96% ethanol.
Species identification and population genetics
Species diagnosis followed the guidelines of Martin et al. (2010) and Vogt et al. (2015) . The key feature for differentiating marbled crayfish and females of P. alleni (even at small sizes) is the morphology of the sperm receptacle, the Annulus ventralis. Moreover, microsatellite analysis was used to compare the allelic pattern of captured marbled crayfish to individuals from previous studies. Nuclear DNA was extracted from walking legs of nine collected specimens of marbled crayfish with the Qiagen Blood & Cell Culture DNA Kit (Hilden, Germany). The same five primer pairs and methods as in Vogt et al. (2015) were used. PCR was carried out using a Primus 96 Cycler (Peqlab Biotechnologie, Erlangen, Germany) in two separate batches, A and B. The conditions were as follows: DNA was denatured at 95 °C for 2 min, followed by 35 cycles of denaturation at 95 °C for 30 sec, annealing at 65 °C or 55 °C for batch A and batch B, respectively and elongation at 72 °C for 1 min. A final elongation step at 72 °C for 5 min concluded the PCR. Fragment analysis was performed on a Beckman Coulter CEQ 8000 eight capillary sequencer (Beckman Coulter, Krefeld, Germany) using the Beckman Coulter DNA Size Standard Kit 400 bp. The microsatellite peaks were scored using the Software GeneMarker V. 1.95 (SoftGenetics, Pennsylvania, USA). Juvenile stages were scored according to Vogt et al. (2004) .
Aphanomyces astaci infection status analysis
DNA from nine crayfish was extracted using the E.Z.N.A. Insect DNA Kit (Omega bio-tek, Atlanta, USA) according to the manufacturer's instructions. To assess the infection status of marbled crayfish, a TaqMan ® minor groove binder (MGB) qPCR was conducted, targeting the ITS region as described in Vrålstad et al. (2009) with some modifications according to Schrimpf et al. (2013) . An initial Pre-PCR decontamination step was done at 50 °C for 120 sec followed by polymerase activation and template denaturation at 95 °C for 10 min. The PCR itself consisted of 50 cycles of denaturation at 95 °C for 15 sec followed by annealing at 62 °C for 15 sec.
A final cooling step was included for 60 sec at 40 °C. Infection status and agent levels were defined according to Vrålstad et al. (2009) based on the number of PCR forming units (PFU), where samples with agent level A0 (0 PFU) and A1 (PFU obs < 5 PFU) are considered uninfected and agent level A2 (5 PFU ≤ PFU obs < 50 PFU) and higher are considered A. astaci positive.
Results
In this study, 42 crayfish individuals were captured in ponds 2 to 5, all indentified as marbled crayfish (Figure 2A) . No specimens were captured in pond 1 during the investigation. Six individuals carrying eggs and three carrying juveniles in the second developmental stage were found ( Figure 2C ). The feature used to identify the species was the Annulus ventralis, which had a flatter, bell-shaped aspect, without scooped lateral wings on the lateral parts, and no peaked anterior portion ( Figure 2B ). The microsatellite pattern of the studied samples confirmed the species identification, being identical to the patterns found in Vogt et al. (2015) , with clear triploidy (fragment length 267/271/303 bp, respectively) at the marker PclG02. This supports the notion that these marbled crayfish are obligatory parthenogenetic and originate from a single individual.
The TL of the nine individuals analysed in the laboratory ranged from 71.8 to 94.9 mm, with a mean Table 1 ). The egg-carrying marbled crayfish in this capture measured 92.5 mm in TL, and weighed 17.95 g without its clutch. Other females presented dark and elongated pleopods which suggests they had probably bred before (Hopkins 1967) . None of the nine samples analysed for presence of A. astaci tested clearly positive for DNA of the pathogen. All samples had the agent level A1, thus being below the limit of detection.
Discussion
The established population of marbled crayfish in Romania is in a recreational promenade area, including five interconnected water bodies close to Hidișel River (Figure 1) , with a roughly constant temperature of around 25 °C provided by warm springs (Tenu et al. 1981 ). The area is frequently visited by tourists because of the local attraction, the thermal lotus Nymphaea lotus f. thermalis. This lotus species is endemic in the thermal waters of the nearby Peţa River Nature Reserve (Figure 1 ), while the semi-natural ponds are populated artificially. The crayfish species probably found its way into this pond by being abandoned thre, like many other exotic species, such as Trachemys scripta, Carassius spp., Colisa spp., Xiphophorus spp. (A. Togor, pers. comm.) . Alongside the thermal lotus, these warm waterbodies are inhabited by two other endemic taxa: the fish Scardinius racovitzai Müller, 1958 and the mollusc Melanopsis parreyssi (Philippi, 1847), both of which are critically endangered species (Freyhof and Kottelat 2008; Fehér 2011) .
The ponds are not directly connected to natural river systems. Still, the risk of further expansion seems high because the area is frequently visited by uninformed public who could translocate specimens from the ponds to the nearby Hidișel and Peța rivers. As marbled crayfish consume plants (VanArman 2011), they pose a potential threat to the thermal lotus, which decreased in population size in 2017 (A. Togor, unpublished data). We suspect that crayfish might damage the lotus plants by eating the bulbs and roots, and/or the fragile sprouts in spring.
Considering the evidence found in other studies (Chucholl et al. 2012 ), this crayfish species seems less able to colonise large water courses. Consequently, we believe that the expansion of marbled crayfish does not represent a major threat for native crayfish populations, which are well represented in the mountain and submountain areas of the region by A. astacus and A. torrentium, the nearest at ~ 50 km, upstream on the Criș River (for maps see Zaharia 2013, 2014) . The mean multiannual temperature (Fick and Hijmans 2017) in the upstream area of Criș rivers inhabited by native crayfish species is 4 to 7 °C, much colder than the area of the ponds inhabited by marbled crayfish at 10-11 °C.
Many pet crayfish species are carriers of the crayfish plague pathogen A. astaci (Mrugała et al. 2014; Panteleit et al. 2017) . In this study, no infection with A. astaci could be detected in the marbled crayfish population. It should not, however, be assumed that the population is disease-free. Marbled crayfish can carry the pathogen and tolerate the infection like P. fallax (Keller et al. 2014 ). The detection of agent level A1 in this study is not enough to confirm the absence of A. astaci. Thus, this population may be a latent reservoir for the pathogen. We suggest authorities take active measures against the introduction of animals into the ponds (Vrålstad et al. 2011 ), but also warn tourists and local people not to transfer plants or animals from the site.
